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Toxicity and distribution of Aroclor® 1254 in the pink shrimp Penaeus duorarum®

D. R. Niuxo, R. R. Braoxuaxw, A. J. WirLeox, Jr. and J. Forzsraa

Buviroamontal Prolection Agenay, Gulf Bresss Labocatory; Sabine Isiand, Gulf Drecas, Florida, URA

Abstract

The polychlorinated biphenyl Arocli® 1254 was ro-
loased in an accidental leakage of heat-oxchange fluidd from an
jndustrial at, into tho Fscambia River, near Iensacola,
Florida, This matcerial was earricd downstream, and is
now found in the fauna of Escambia Bay and its
waters, prime numrz‘nm- for fishes and invectobrates such
a8 id sheimp. The significance of pollution by this chom-

was assessod by cstablish-ng toxicity levels, determining
toates of entry, and investigating its movement and distribu-
tion In various tissues of sbrimp onder controlied conditions
in the laboratory. Aroclor 1254 sdded to the wster was toxio
10 the juvenile pink shrimp Peaaexs duorarum at & concen-
tration of 1.0 part par billion within 15 days, dat was jess

D

® Registered tradsmark, lonsanto Company, St. Louis,
ka!:i.,glmiu of commercial products dog‘:ot constitate

eddoncment by the Eavironmental Protection Ageney.
hd No. 138, Gulf Bresze Laborstery.
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toxic to adult pink ahrimp. Shrimp cbtaleed the contaminant
from waler and food nmwnwaio.osmpu
million ia the bepa Areclor 4234 residus data from

1
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Iatroduction

Since 1008, pesticids toxicologists and ecologista
have become incrcaxingly aware of polychlorinated
biphenyls (PCBs). Firat discovered in fishes, feathers,
and human hair (JexsEn, 1968), residues have since
been found in many organisms from diverse areas of
the world. Structurally, PCBs resemble chlorinated
hydrocarbon pesticides auch as DDT,-and are widely
used in formulating plastica, reains for rubber.-bssed
lacquers, varnishes, painia, lubricants, heat-transfer
flnids and eloctrieal inanlators. PCBs are relatively
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¥ig. 1. Revidwen of Aroclor 1254 (in ppm) found in shrimp bepstopanoreasce from Esoambia Bay ard coatiguous waters
dmtmanuuwlqumumdumsmfm

‘S  Marise Blelogy, Vb 31 .

DSW 255135

R e ———— =G

ov—— Sy
STLCOPCB4060826



o,

192 D. R. Nixso ot al.: Aroslor ln Penacus dusrarsm

Mar. B,
LT ’
MOVSTIAL  PLAXT O
_ Ny
\ \ ¥/
2 N
-- .
Y.~
s 3 4 5 0w d 4 +1 T
«nOueTEAS § R8T 01 o1
)
o3 oF
] (] .. .
PENSACRIA (Y
2 s 'Y
oz
ot | .j’l _ JI
oath / -

f (T ]
= 2D SO ==

ont

o

I/

prth

2. Realdises of Arodlor 125¢ (in ) fbund in sediments from Escambia sad contigugus waters during 1080/1970.
e L N.D.: less than 0.93 ppes Py n

insoluble in water, but solublo in lipid and lipid sol-
vents. In addition to their thormal stability thoy are
also resistant to acid and base, and thercfore, persist
in ths cavironment.

PCBa are toxic to trout and blue gill (spp. not
given) — Quatarsoy, 1970; shrimp (Pencews duora-
rum) and oysters (Crassosires virginica) — Duxz ct al.,
1970; and s fish (Lagedom rhomboides) — Hansxx
etal., 1971. Also, a PCB uscd as a binder in epoxy paint
was toxic to chickens (GusTarsox, 1970). Abnormally
thin-shelled eygs of birds in Great Britain and North
Amecrica were associated with residucs of chlorinated
hydrocarbons including the PCBs (RisEsrovo ét al.,
1908). In 1969, s I)CB (Aroclor 1254) was discovercd
as a conlaminant in water, scdiment and fauna of
ExcambUia Bay, Florida (DukE ct al., 1970). Onc source
of this inaterial was traced to an accidental leak in &
beat-exchange system of an industrial plant located
scroral kilometers upstrcam in Escambia River. 1t is
now present n ostuarine organisms, including shrimp
captured from Escambia Bay and contiguous waters

(Fig. 1). Sudiments from the river and upper bay appear -

to be a rewrvair for the compound (Fig. 2). In carlier
experiments, shrimp oxpuscd o these scdiments for
30 days accumulated tho chemical (Nimmo et al.,
1971). In thix paper wo report toxicity of Arocloe 1254
in water, ratca of eccumulation from food and water,

and distribution s{ this PCB in the organs of the pink
shrimp Pesacus duorarum.

Mazerisls and methods

8hrimp for laboratory studies were obtained frow
two sources. Juvenile (2.5 to 3.8 em) pink shrimp
{Penacus dworsium) were coliccted with a small net
from Santa Rosa Sound at Pensacola Beach, Flonda,
in Juno through Sevtcmber. Adult pink shrimp from
Tampea, Florida, wero purchinsed from a live-bait
dealer. Background concentrations of chlorinated hy-
drocarbon compounds in tho hepatopancreascs of all
shrimp nover exceeded 0.8 parts per miillion (ppm);
wholo-body residucs were less than 0.01 ppm.

All shrimp wers acclimated in flowing sca watcer
for scveral days in the laboratory. Juvcniles fed on
detritas carriod in by the fuwing unfiltercd sch water
and adults were fed mulict (M ugid cephalus) muscle
containing less than 0.03 ppm onganochlorine com.
pounds cach day. Doach sand with no detectablc
organochlorine compounds was provided as & sub.
strate for the shrimp. ’

Shrimp were exposod to Aroclor 1254 (hereafter
called Aroclor) in flowing-water systems. The Aroclor
was dissolved in polycthylenc glycol 200, infused into
the flawing water with syringe pumpe, then mixed by
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a scrics of batTles s it flowed into aquaria. The velume
of the aquaria varicd from 1S to 160 1 commensurato
with the numbers and sizes of {est animals and flow-
rate of water. Animal to volumo ratio was 1 animal
per 2 1 water. Concentrations of Aroclor were routinely
mcasured by gas chromatography. No attempt was
mado’to control salinitics which ranged from 25 to
32%.. bat clectric aquarium heaters wero used to main-
tain wates tcmnperaturcs between 20° and 30 °C.

v

[}

Fig. 3. Aroclor chromatograms. (A) Aroclor 1254 standard,
(B) Aroclor 1254, recovered from Penacus duorarum hepato-
pancreas after shrimps had been fed fish containing material
(sce Table 4). Concenirations of DDT and its mstabolites
were negligible. thercfore, no attempt wos mado to soparate
them from Aroclor isomera. Gas flow 25 ml/min, nitropen;
" injection temperature 210°C, oven temperature 190°C,
detector temperaturs 210°C; H? electron capture detector;
1524 x 0.317 em glass-zolumn packed with 2% OV.i on
100/120 Gas Chrom Q

Concentrations of Aroclor in shrimp were dcter.
mincd from pooled samplcs by gas chromatography.
When a group of 10 shrimp was cxposcd to & constant
concentration of Aroclor in flowing-water, individual
residucs diffcred by a factor of 10. Conscquently,
laboratory analyscs are from composito samples of at
least 10 individuals, unicas stated otherwiso. All
analyses on I’enveus drorurum from Escambia Buy
andl contigucus watcrs wero on composite samplea of
at liiat Jindividuals.

. 1. Niumo ot al.: Arodlar in /'rearus duorsrum

[£TX

Depending on type and weizht of the samples,
four mcthads of preparation were cmployod. (1)
Samples of shirimp or food items lneger than 1 g »ere
mixed with anhyilroux sodium sulfate in a blender and
cxtracted for 4 h with petrolcum ether in a Soxhlet
apparatus. Extracts were concentrated and clutcc
from & Ylorisil coluinn with 6% cthyl cther in petro
leum cther. (2) Samjilca lesa than 1 g wero analywed
by a modification of thc micro-mcthod of Lxos
{private communication). Samples were waghed in
Duallt tissuo grinders and oxtracted with three 2.0 mi
portions of acctonitrile. The acoclonitnlc extracty wese
combined and diluted with 6 ml of 29 Na, S0, 1a
distilled water, thien agitated and extracted with thee.
2.0 ml portions of hexane. These extracts were corn-
bLined and concentrated to about 0.5 ml, then trun-
ferred to a Sizo “B" Chromaflex! column eontainis.
1.5 g of Florisil topped with 1.5 g of anhydrous sodsu:::
sulfate. The residuc was cluted from the column with
20.0 ml of 1%, cthyl ether in hexanc. (3) Water samp! 2
wcro extracted with petroleum ether, then the extiac
were dricd with anhydrous sodium sulfate and 1c
duced to an appropiiate volumo. (4) Sedsmcnts
were analyzed by the method of Nixyo et al. (1071

All eluates were adjusted to an appropriate volumne
for analysis by clectron-capturc gas chromatograpli-
cquipped with OV-1 columns. Quantitation of Aroclor
1254, a multiple-peaked compound, was made by
averaging the heights of 5 major peaks which had
retention times rclative to aldrin of 1.31 (IV), 1.35
(V), 232 (VIID, 2.74 (IX) and 3.27 (X) (Fig. 3]
Interference from DT waa ncgligible due to tie
relatively high residucs of Aroclor 1254 in most samples.
Laboratory tests indicated recovery rates above 807,
but data in this report do not include a corrcction fac-
tor for rerovery. The prescnee of Aroclor 1234 in
ehrimp and scdiments was verified by meus spectro.
scopy at the Environmontal Protection Agency La.
boratory, Athens, Georgia.

Results
Acute and ckronic biosassays

Acute toxicity tcsts at this laboratory showed
that Aroclor was aliout one tenth as toxic to juveni'c
DPenaeus duorarum ns DDT (Table 1) For exuam b
10.0 parts per billion (ppb) DDT in the water killcd
100% of a populatina of shrimp in 96k, whecieas
100.0 ppb in tho watcr was nccessary to obtain the
samo results with Aroclor.

In chronic flowing-water bionssays, Aroclor at
0.94 ppb killed 519, of the juvcnile shrimp (2.5 to
3.8 ecm) within 15 days (Table 2). Juvenile shrimp
were moro scnwitive (o Aroclor than adults. Exposure
to 3.5 ppb for 33 days resulted in o mortality of 50,
in a group of adult shrimp (0.5 to 12.6 cin). Tho data

! Kontoa Glaas Co., Vinoland, N. J., USA,
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show the need for challenging soveral stages in the Accumulation and tranafer of Arccler in tl:
lifo eycle of shrimp with chemicals such as Aroclor.

We have observed that symptoms of Aroclor
poisoning in shrimp are diffcrent from thoss of moet
organochlorine insccticides. Pink shrimp which wo ;. o as measured (Fip. 4) Acr wie:
c_wpog:d tots()ia‘ppb or moml DD’I;. 'ho‘;“;,d ncrvo:l was lincar with tise in the hupazslm:x,. ST ey
impairments such as tremors, loss of equilibrium and, o~ . o feeted
finally, naralysis as defined by cessation of locomotor and wholo body (r - 0.90). bat & platrau wes st
movements. In tests with Aroclor, regardless of its

The uptake of Aroclor from waler bty i ¥
Penacns duorarwn (3.8 to 7.6 cm) and the t-r - .
tion to the hcpatopancreas, whole body ard al-

concentrztion, shrimp showed delayed mortality and s00 g
died at a rate of one or two per day with no apparent ,\/
prior aymptoms of poisoning. Like others (Duxk, et al., oy
1970; Wipisi, 1970), wo supgest that crustaceans el y
may be morv susceptible to the chemical during E
molting. 8
< 300
Tabla 1. Penacus duorarum. Corrmrwon of oxicitiesof p,p’ ~ w0
DDT ard Aroclor 1254 to shrimp in flowing-water tests. Mean -
fem *ure and salinily of sea waler in DDT experiment were
24°C and 28 %, respectively; Jor Aroclor 1254, 19°C and 31 % g 200 ® HEPATO®ANCRG -
DDTI 12“. z‘) 4 WHOLE ®LODY
Test 0] llﬁy by l! ll‘y 2 ® ASOOM mAL MuUTT.E
concentration ¢S h 90 h conccntration 4gh~ 96k € o,
(ppb) (%) %)  (pPd) (% (%
1er0 SV
10.0 400 100 100.0 80 100 = b . ,
1.0 30 80 10.0 0 1] N s o 1 20 24
0.5 0 40 1.0 (1] 0
0.1 10 20 Control 0 0 EXPOSURE TIME (days)
Control 0 0
Fig. 4. Penaeus duorarum. Rates of Abwq rion of Aroclor 1.4
 Persona! communication, J. 1. Lowe, Environmental in various tissues of shrimp exposed to 2.5 ppb ot the (honis!
Protection Arency, Gulf Breeze, Florida 32561, USA. in flowing water. Unaxposed shrimp showed ne dotec 43"
» Duxe et el, 1970. residue. r = correlation coefticient

Table 2. Results of chronic bioassays with Aroclor 1254 and the pink sheimp Pcnaeus duorarum in flowing uuler

Shrimp Concentrations Averags Avoreze No. of t2st  Replicates Daya Averago Level of
rostiam-tclson  (ppb) salinity tomperature individuals oxposed mortality  eigniticance
length (x) Q) (%)
(cm)
25~38 Control 2 29 as 3 15 12 -
25-38 0.57 32 29 20 2 15 & V] a.10
25~ 38 0.94 32 2 45 3 15 o1 0005
2.5-38 9.4 32 20 20 2 13 oL 0.001
2.5~ 38 19.0 a2 290 20 2 15 100 0.00:*
42-722 Control = 29 23 25 1 2 4 -
42-72 24 29 28 20 1 17 G5 + 0.001
42~ 172 3.1 29 28 25 1 32 &0 0.001+
6.6~ 9.0 Control 29 20 43 1 53 26 —
6.6~90 4.3 29 20 46 1 83 83 0.001¢
7.6~ 865 Control n 29 G0 1 18 ] —_
7.6~85 4.0 3 29 G0 1 18 41 0.001
9.5~ 125 Control 28 20 50 1 33 8 —
9.5~ 125 3.5 8 20 50 1 35 50 0.001+

s Averaso of at least three dotorminations.

v Student’s f-test.

¢ Chi-square. DSW 255138
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Fig. 5. Penaexs duorcrum. Rates of elimination from hepatopancress and subsequent incrcase in remaining tuwsve. Stomy
wero exposed to 7.5 ppb Aroclor 1234 in flowing water for 16 dsys, thon placed in Aroclor-free onvironment. Cowpoaits

" tissue samples from 8 individuals were anslyzed for each dotormination. Unexpossd shrimp showed no detoctable residucs

r = correlation cos{icient

o4 : oa
oy Vo
in the muscle within 2 days, with little increase there-
after. Residues in the hepatopancreas reached 510.0
ppm after 22 days and represented s 2.04 x 10% in-
crcase over the 2.5 ppb Aroclor in the test water.
During this cxperiment, 509 of the exposed and 7%
of the unexposed shrimp died.

In a subsequent expcriment, most of the Aroclor
was lost from the hepatopanereas and transferred to
other tissucs (Fiz. 5). Adult shrimp (9.5 to 11.5 em)
were first exposcd to 7.5 ppb Arocler in tho water for
16 days, then placed in an Aroclor-fiee environiaent
for 5 weeks. Total weignt (ug) in the hepatopancreas
decreased by 809 in 5 wecks, but that in the remain.
ing tissucs almost doubicd. Wholo-body loss was from
731 to 466 pg or about 60° in 5 weeks.

A slightly differcnt picture existz concerning the
loss of Aroclor froin tho tissues if we express tho
amount in parts per miilion (Fig. 5). Aroclor (in ppm)
showed little change in tissucs other than the hepato-
pancreas during post exposuro. In contrast, tho rato
of climination from the hepatopancicas was constant
and lincar with time (r= 0.99), tho hiolagical halflifo
in this or;;an being 17 days. Aroclor is more persisient
in the other tissucs of chrimp than DDT, the in-
sceticido buing completely ciiminated in 3 wecks
(N0 et al., 1570). While tho I’crucus duorarum
were held in the Aroclor-f:ce environinent, 239 of the
¢xposed shrimp dicd, with no loss of the unoxposod.

_‘ : A'/Q‘y"-)l}.’cyl./f_

Accumulation in body organs

Residucs found in laboratory experiments are com.
pared with those in natural populations of shriinps in
Escambia and Pensacola Bays in Table 3. In sll tecrs,
the shrimp incorporated the chemical. The propor-
tion of Aroclor in tissues of shrirap which were expo ~d
to 0.2 ppb in tho water for 50 days was nearest to tiat
found in shrimps captured alive from the bays

The distribution ¢f Aroclor in the tissucs of shrimp
is much the samo as NDT, maximum amounts oc-
curring in the hepatopancreas and least in abdrmunal
muscle or exoskeleton (N1yxo et al., 1970). Geaerally,
the distribution of Aroclor in tho tissucs of Feracus
duorarum corresponded to the amount of lipid . *:
tissues.

Wo belicve wator and food are sources of Arcelsr
to shrimp, but wo do not know which cortribates
morc. FARPANTE (1969 summarized earlier work on
tho fecding habits of sicimp and reported that the
three commercially-important penacid shriimps, pink
Penaeus duorarum, white P. selifcrus, and brown
P. aztecus, aro cinnivorous. Some of tho contents found
in digestivo tracts by other investigators indin.lo in-
organic dcbris, detritus, and a vanecty of aliao, in-
cluding distoms. Aroclor attached to detrital material
in aquaria or in S¢ld substrates was probably ingested
by the shrimp.

DSWwW 255139
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Table 3. Distribution of Aroclor 1254 in tissues of exposed Penaews duorarum which had accumulated chemical from socter am’
Jood and in penacid shrimps from matural populations in the Pensacola 2stuary, Florida, USA

Methods of exposuro Ilcpato-  Vontral Digostive Heart Cills FExo- Abdominal
pancreas  nesve traot skelotuon  taus-l-
rpm _

Water

Pink ahrimp exposed Lo 3.5 ppb Arocloc in water 108 120 32 ey 59 14 15
for 35 days

Pink shrimp expoecd to 0.2 ppb Aroclor in water 0 33 32 28 14 L8 07
foc 50 days

Pood

Pink shrimp fed spot® 146 » 15 25 38 6.5 57
(43.0 ppm whole body) for 16 days

Pink shiimp fed spot (field-captured, 0.2 ppm 0.8 0.5 <0.1 03 03 02 <01
wholec body) for 16 days

Pink shrimp fod croaker® (0.63 ppm in muscle) 58 20 1.0 13 09 06 X
for 50 days

Xatural populations

Pink shrimp capturcd 19. 1. 1970 15 .4 11 -_— 14 08 0o w
Pink shrimp captured 3. IV. 1870+ 4.6 0.6 05 0.5 03 02 ¢.1
White shrimp captured 28. VIII. 1970« 17 4.0 1.5 1.0 08 08 1.3
Brown shrimp captured 28. VIIL 19704 ] 14 8.7 42 31 22 0.9

* Tho spot Leiostamus zanthurus were previously exposed to 5.0 ppb Aroclor 1234 in the water for 12 days.
® Atlantic croaker Alicropogon wndulatus were captured in Escambia Bay, Florida.

¢ Pcnaacola Bsy.
¢ Escambia Bay.

Table 4. Percentagest of § peaks in Avoclor 1254 recovered
from water, fish and Penarus duorarum

Itom Poak (%)
vy ViIlI IX X
Standard . 100 185 250 222 200
Water (30 % S) 8.2 156 300 228 231
Fish muscle® 51 108 274 279 284
Shrimphopatopencreas* 28 108 238 311 314
s peak height
sum of 5 peaks x 100.

» The Atlantic erosker Afieropogon undulalus were captured
from Escambia B.y and contained 0.68 ppm Aroclor 1254.

¢ Tho shrimp Penaeus duorarum wors fod Atlantie eroaker
muscle.

Wo investigated' differences in the proportion of
Aroclor peaks with respect .o the standard ; the chango
is zreatest in the hepatopancreas of shrimp (Fig. 3

o>
4

able 4). Heights of 5 peaks used for quantitation of
the chemical show the greatest reduction in peaks IV
and V, with some inercase in IX and X. Wo do not
know whether this reflects sctual altcrations in the

molecules or differential solubilities in the vanous
systems.

Results of field studies

Distribution of shrimp in the estuary in relation to
salinity is a factor which regulates thz amount of
Aroclor in the body (¥ig. 1). The brown s<irinp
Penaews aztecus from upper Escambia Bay had the
highest residues (132.0 ppm in the hepatepun-reas).
Tho white shrimp P. setiferus from the mouths of
small strcams emptying into Escambia Bay lxl s
maximum residue of 59.0 ppm. The highct re aviue
in the pink shrimp P. duorarum captured in Pensacolu
Bay was 15.0 ppra. P. setifcrus is most abun-dnnt in
low salinity watcrs of less than 107, and J7 o . us
occurs mostly in waters of 10%, or more, the o' un.
danco of P. duorarum is not as dependent on sanimgty
(Fanraxre, 1969). Althourh this distribution may vary
with locale, types of substrato amd scasonal temypera.
tures, shrimp with the highest vexidues in ths studviwere
thosc capturcd in the lower salinitics. Because hicher
concentrations of Arvoclor occur in the sechments of
upper Escambin Bay (Mg, 2), it is possible that
burrowing activitics of brown shrimp an these sedi-
ments could havz caused additional absorption of
Jeached chemical through tho gills {Ntmyo ot al,
1071) a8 well g3 ingestion of contamirnted foed.

DSW 255149
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Discussion and cenclusions

In our invesligations, there hax been no evidenco
that Aroelor in the waler, sediments, or biota in
Escambia Bay wax toxic to shrimp. We founl no
dead or dying shrimp in arcas of “fish kills" which
occurrcd frequently during sununcr months of tho
past two yeans. Aractor in water samples colleeted 45 cm
above the sadimen!s in the upper Bay was helow that
econsidered toxic to ahrinp, but it was dclectablo
(0.06 ppb in unfiltered water). It probably leached
from the sediments or was attached to suspended
particulato matter. Adult shrimp in live cages placed
directly on scdiments in upper Escambia Bay for 3
wecks did not dic nor did the “controls™ held 48 cm
above in an uncontaminated substratum. Shrimp on

Jower scediments accumulated almost 3 times more

Aroclor (6.7 ppm in the hcpatopancreas) than did
controls.

Necvertheless, our laboratory investigations show
that Aroclor 1254 in solution is toxic in the 1 ppb
range to shrimp. Therefore, tho occurrence of this
chemical in thoe water of Escambia Bay or in other
estuarine arcas is reason for concern. Wo also belicve
the rcsiducs found in shrimp from the Eseambia Bay
are hizh enouzh to be of importance, although we have
not found a correlation between residucs and mortality.
If postlarval or juvcnile shrimp were exposed directly
to the sediments in upper Escambia Bay for a period
of wecks, a threat could exist because of availability
of PCB-laden detritus and slso the leaching of ths
chemical at the water-substrate interface. We are now
investigating this possibility.

Deaths of shrimp due to this or any other con-
taminant in naturai environments would be difficult
to observe. Except as larvae, shrimp are primarily
benthic, secretive animals, and hide by burrowing in
the sediment. If they are active at night, they ususlly
remain below the substrate by day. lero, they may
obtain higher concentrations of Aroclor than when
swimming, and if they dic, dead shrimp do not
surface after dying as do fish, rather they decompose
rapidly or are quickly caten Ly predators.

Aroclor occurs in the tissues of shrimp which wero
captured scveral kilometers from the original sources
of thc material in Escambia Bay (Fig. 1). This
suzgests the potential of this material to be dispersed
through the ccosystem, &nd it might be available to
man through hisscafood. Wo bcelicve this contamination
should scrve as a warring Lo increasc monitering of the
environment for Aroclor and related industrial mate-
rials.

Summary

. 4. A concentration of 1.0 part per billion of Aroclor
in tho water kills tho juvenile pink shrimp Ienseus

. R. Niano ot al.: Aroclor in Penacus duorarsm
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duorarsm within 15 days in the laboratory. Aduit
shrimp aro not as suxceptililo, but higher concentra-
tions of 2.4 to 4.3 pb kill within 17 to 53 days —
depending on tho musturity of test individuals.

3. In Inborntory tests in which Aroclor was added
to the water, /. dusrurum absorbed tho material and
concentrated it in the hicpatopancreas. Subscquently,
it was tranxferrad (o other tissues, then lost. It was
moro persistent in the tissues of shrimp than the
chemically-related pesticide, DDT.

3. Aroclor was absorbed from tho water and its
subsequent distribution i tissuce was similar to that
found in wild shrimp {rcm contaminated arcas. In

“the laboratory, shrimp aluo obtaincd tho Aroclor from

food, and wo concludo that both souroces aro avoilablo
to shrimp in tho Pensacola cstuary.

4. Concentrations of Aroclor in P. duorarum from
tho cstuary appcar to reflect distribution patterns in
shrimp. Aroclor in shrimp capturcd at considcrablo
distances (up to 24 km) from the original sourco
demonstrate the potential for dispersion and concen-
tration of this matcrial in an ocoaystem.
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